Planning a research strategy and formulating the right research questions at various stages of developing a telehealth intervention are essential for producing scientific evidence. The aim of research at each stage should correspond to the maturity of the intervention and will require a variety of study designs. Although there are several published evaluation frameworks for telemedicine or telehealth as a subset of broader eHealth domain, there is currently no simple model to guide research planning. In this paper we propose a five-stage model as a framework for planning a comprehensive telehealth research program for a new intervention or service system. The stages are: (1) Concept development, (2) Service design, (3) Pre-implementation, (4) Implementation, (5) Post-implementation, and at each stage a number of studies are considered. Robust evaluation is important for the widespread acceptance and implementation of telehealth. We hope this framework enables researchers, service administrators and clinicians to conceptualise, undertake and appraise telehealth research from the point of view of being able to assess how applicable and valid the research is for their particular circumstances.
Introduction

Aim of this paper
The aim of this paper is to propose a simple yet comprehensive model to assist researchers in the field of telehealth to plan their assessment and evaluation strategies and to formulate their research questions. The paper was conceived in response to our extensive experience in advising students and post-doctoral researchers in developing their research and development plans in telehealth.
Assessment vs evaluation
In telehealth, research studies are typically conducted (1) in the process of development of a system to help with the design and implementation, or (2) after implementation of a new/modified system to inform its performance. From this perspective, Assessment is a formative, process-oriented and ongoing study to identify areas for improvements in an intervention. By contrast, Evaluation is a summative, solution-or product-oriented and usually final study measuring the overall achievements of a project. 1 
Telehealth terminology
Telemedicine is defined as the provision of medical services at a distance using information and communications technology. When services extend beyond just medical, and include, for instance, nursing and allied health services, personal care, education and health administration, the term telehealth is much more commonly used. However, there is no consensus on these definitions and they have been used interchangeably. 2 For the purpose of this paper, the term telehealth is used for generality. With the recent advancements of computer and communication systems and especially the Internet, numerous applications of these technologies are being introduced to help improve access to healthcare. The term 'eHealth' is often used to include all of these, and we believe that the model proposed in this paper is applicable to many projects in this broader area.
Purpose of the telehealth research
Before designing a telehealth research program, the investigators should consider carefully the purpose of their research. Typically, the purpose of the research relates to the outcomes (positive and negative) that might be expected as a result of the intervention. These benefits may be assessed by examining services already delivered during a previous time period (retrospective) or longitudinally by examining the effects of a planned intervention during a planned intervention period (prospective). In the right circumstances, telehealth has the potential to enhance the effectiveness and efficiency of healthcare delivery. Through the elimination of travel (by patients or clinicians), access to health services and cost savings may be realised. 3, 4 Alternative modes of healthcare delivery may also enhance the effectiveness of a treatment or service, with consequent improvement in health outcomes.
Telehealth is recognised as an example of disruptive innovation which often affects the manner in which health professionals and the health system interact with patients. 5 There are often concerns that service fidelity may be affected, and that the patient experience may be inferior to conventional in person consultations. In government-subsidised fee-for-service settings, the funder may be interested in the costs associated with establishing and operating a telehealth service. Telehealth delivery requires investment in certain infrastructure, adjustments to service design, and re-training or provision of personnel. Furthermore, there may be a perceived risk that ease of access may lead to unsustainable expansion due to increased demand. Irrespective of modality, service providers and consumers want to be confident that the service is reliable, safe, acceptable to users, feasible, scalable, effective and constitutes good value for money. Rigorous research surrounding the development and introduction of telehealth services is the key to addressing these issues. 6 The need for a model to facilitate the design of telehealth research studies Several frameworks have been proposed for telehealth research and implementation, 7 but they are generally complicated and difficult to use for planning a comprehensive research program. There is a need for a simple model to guide the overall design of a telehealth research program and to help with formulating appropriate research questions.
A model for designing research studies
A comprehensive model for organising or providing a framework for research studies on telehealth is presented here. It maps a multi-stage journey from the development of a novel concept to an established mainstream service ( Figure 1 ). Studies of prototypes and pilot projects can only produce interim findings of possibility and feasibility. Such studies are different from examining the success factors of a mature telehealth application and its overall performance after implementation. Similarly, the scope and type of economic analysis of such projects changes with the level of maturity and specific focus.
Concept Development
• Needs analysis • Proof of concept • Technical evaluaƟon
Service Design
• Feasibility • Validity • Accessibility • Cost EsƟmaƟon
Pre-ImplementaƟon
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Post-ImplementaƟon
The internal consistency of this model results from observing the maturity levels of telehealth projects. It usually starts with suggesting a technology-based solution for a health or medical problem (Stage 1: Concept development), then how the service delivery model should be modified/re-designed to accommodate the proposed intervention (Stage 2: Service design). In the next stage, the efficacy of the proposed model of care/service should be studied under a controlled environment (Stage 3: Preimplementation). If the efficacy of the intervention is established, it can be the subject of subsequent study in real-world settings in which the intervention is implemented and its effectiveness is studied (Stage 4: Implementation). After implementation of a telehealth intervention, several research approaches can be taken to examine the impact and sustainability of the system (Stage 5: Post-implementation).
Stage 1: Concept development
At a very early stage, and ideally based on the results of a needs analysis, researchers identify a public health or a medical problem, contemplate a potential solution and aim to design an intervention or build a prototype of the proposed system based on that solution. At this point it is important to demonstrate that the proposed system or intervention 'works'. Several types of preliminary studies can be designed and conducted in this stage such as Needs analysis, Proof of concept, and technical assessments of Accuracy and Reliability. These are mainly lab-based or simulation studies which test the equipment and setup with participants but do not usually involve patients or service delivery. The findings of this stage can justify the funding for the next stages of research and development.
Stage 2: Service design
After a novel telehealth solution is proposed for a known problem and proved to be possible, the current model of care needs to be modified or redesigned to accommodate the new intervention. Generally, Feasibility of the intervention and Accessibility of the service are studied in this stage. Feasibility studies are pieces of research that are conducted before a major study to test the viability of the idea and check if the study can be performed. The findings of feasibility studies are used to identify important parameters that should be considered in the design of a major field study. Access can be defined as 'the opportunity to identify healthcare needs, to seek healthcare services, to reach, to obtain or use healthcare services, and to actually have a need for services fulfilled'. Five dimensions have been suggested for Accessibility: (1) Approachability; (2) Acceptability; (3) Availability and accommodation; (4) Affordability; and (5) Appropriateness. 8 Nevertheless, it is important to have an estimate of the cost of the new intervention at this stage.
Stage 3: Pre-implementation
Prior to implementing a telehealth service, it is crucial to demonstrate that the intervention can make the expected changes, while controlling for other variables that may influence the intended outcome (i.e. it is efficacious). Efficacy is defined as 'the extent to which an intervention produces a beneficial result under ideal conditions. Clinical trials that assess efficacy are sometimes called explanatory trials'. 9 Because the study design controls for the confounding variables, the effect size for the intervention is likely to be maximised. The results of this stage can satisfy the ethical requirement of a clinical trial in which a benefit of a service/product is reasonably expected. At this stage it is also important to examine the usability of the system. The International Organization for Standardization (ISO) defines usability as 'the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use'. 10
Stage 4: Implementation
After a telehealth intervention is shown to be efficacious, it is ethically sound to study its effectiveness in real-life settings. The ability of an intervention to achieve the desired results under usual conditions is termed effectiveness, and is defined as the probability of benefit to individuals in a defined population from an intervention applied for a given medical problem under average conditions of use. 11 This stage typically constitutes a randomised controlled trial (RCT), which is considered as the gold standard for evaluating the effectiveness of an intervention in clinical setting. These studies should ideally be supplemented by a cost-effectiveness study. Telehealth interventions are complex, and may be multi-component, with adjustment for individuals or groups. In this context, the use of 'pragmatic RCT trial designs' is often more appropriate for decision-making. 12 The results of this stage can produce evidence for implementation of the intervention beyond a research project on a larger scale.
Stage 5: Post-implementation
After implementing a new telehealth intervention, a different evaluation strategy is needed which is referred to as Operational use evaluation. 13 It is important to study the extent to which the new system is being actually utilised, and how sustainable it is. This stage is required to evaluate the long-term outcome and overall clinical and health benefits of a telehealth service. Ideally, in this stage, the scope of studies on the impact of the intervention goes beyond the institution and health system, and extends to the whole society (societal impact). Similarly, the economic studies move towards cost-utility analysis that can inform policymakers and managers of the overall benefits of the society from investing in the telehealth intervention under study.
Case study
In this section, we elaborate on our proposed model by describing the research associated with a hypothetical case study of the development of a new telehealth intervention: in this case, mobile-based remote management of people with diabetes.
The impetus for starting such a program of research is likely to be the increasing prevalence of diabetes and shortage of healthcare personnel to provide care for those patients. A potential solution could be the use of a mobile application (app) to facilitate patient selfmanagement, and to improve the efficiency of patientprovider interactions. The proposal is then developed for patients to use a Bluetooth-enabled glucometer to transmit random blood glucose measurements wirelessly to the mobile app installed on the patient's mobile phone, and then relayed to a web-based database from which medical and nursing professionals can monitor remotely. It is thought that using this system can lead to greater patient self-management, reduced reliance on health professionals and, when interactions are required, improved efficiency (i.e. less time or cost for each interaction). To test these hypotheses, a series of research studies can be designed in five stages based on the proposed model.
In Stage one (Concept development), the concept of a mobile-based remote management system is developed, and a prototype of the proposed system is designed. The mobile app and the web portal are examined by the technical team to ensure that the patients' data are stored, retrieved and displayed accurately. Limited testing is undertaken to demonstrate that the basic process is possible (Proof of concept study). Accuracy and reliability of the technical processes of the system can also be examined in this stage.
In Stage two (Service design), the current healthcare model is modified to accommodate the proposed system. Considerations should include how the patients use smartphones and work with the app, and doctors and nurses use the web portal for monitoring patients' condition; whether it will substitute the traditional process partially or completely; and how it will affect the role and workload of the personnel operating the service (doctors and nurses). Feasibility and accessibility of the system are examined. The cost of implementation and utilisation of the new system (initial capital investment as well as ongoing costs) are estimated.
In Stage three (Pre-implementation), the efficacy of the mobile-based system is examined by recruiting a cohort of selective people with diabetes with no comorbidity or complication (a highly controlled environment). Usually, it is best to involve motivated tech-savvy participants, as they more often use a smartphone in their daily activities and will best tolerate the inconvenience associated with new systems. Under these circumstances, the effect size of the intervention will likely be optimised. In addition to efficacy, usability of the mobile app by patients and the web portal by doctors and nurses, as well as cost analysis, are other aspects that can be assessed in this stage.
In Stage four (Implementation), research studies are designed to examine the effectiveness of the system (i.e. use in a routine clinical setting by a selected group of users). Typically, a pragmatic RCT is used for this purpose, where patients will be either managed by the mobilebased remote monitoring service (intervention) or receive the routine care (control). In addition to the effectiveness of the system, other non-clinical endpoints such as satisfaction can be examined. Factors influencing scalability and generalisability of the intervention such as cellular/ land-line Internet access in rural areas that may affect the outcome of the intervention can also be explored. From the economic perspective, cost-effectiveness may be examined. If this mobile health service is found to be equally as effective as the conventional office-based approach, a cost-comparison study may be useful to identify the less expensive service.
In Stage five (Post-implementation), the longer-term effects of using the mobile-based diabetes management system, from both clinical and managerial perspectives, are studied. Aspects such as uptake of the service initially and over time, adherence to the original model and systemic benefits are examined, including the effect on the full range of users, and the accessibility to the general population. Usually, the scope of the study on the impact of the system goes beyond the diabetes clinic and hospital, and will extend to the whole population of people with diabetes in the city or region under study. To inform policymaking, cost-benefit analysis can be undertaken in this stage to compare the cost of implementing and running this new system against the overall cost savings related to avoided travels, reduced complications and managing more patients.
Practical implications
Telehealth services are often complex, and may require long periods of conceptualisation and development. Too often, promising services are developed, but lack rigour in assessment and evaluation. The lack of a robust research program often reduces the likelihood that lessons learnt can be adopted by others. Conversely, a well-developed research program will enhance the possibility of replication and expansion, if the various assessments are undertaken in a planned and systematic manner.
We have outlined a series of important stages for a telehealth intervention, to assist with the formulation of appropriate research questions and design of suitable research studies. Some telehealth research endeavours may require all five stages to be conducted, but in other cases, there may be no need to include all elements or stages, particularly where comparable services have been critically appraised. It is not expected that all telehealth application will require research which follows all these five stages in order, especially when the interventions involve rapidly advancing technologies. Rather, the purpose of the model presented here is to prompt researchers to consider where their research best fits on the maturity continuum and to consider their research questions and design accordingly.
Robust evaluation is important for the widespread acceptance and implementation of telehealth. We hope this framework enables researchers, service administrators and clinicians to conceptualise, undertake and appraise telehealth research from the point of view of being able to assess how applicable and valid the research is for their particular circumstances.
